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(54) Improved processability of silica-filled rubber stocks with reduced hysteresis 

(57) A silica-filled, vulcanized elastomeric com- 
pound comprises 100 parts by weight of an elastomer; 
from about 5 to about 100 parts by weight of a reinforc- 
ing filler per 100 parts of elastomer, wherein the rein- 
forcing fillers are selected from the group consisting of 
carbon black and silica filler; from 0 to about 20 percent 
by weight of a silane, based upon the weight of the silica 
filler; a cure agent; from about 0 to about 20 parts by 
weight of a processing aid selected from the group con- 
sisting of fatty acid esters of hydrogenated and non- 
hydrogenated C5 and Ce sugars; from about 0 to about 
20 parts by weight of a processing aid selected from the 
group consisting of polyoxyethylene derivatives of fatty 
acid esters of hydrogenated and non-hydrogenated C5 
and Ce sugars; from about 0 to about 40 parts by weight 
of an additional filler other than silica or carbon black, 
with the provisos that at least one of the processing aids 
or additional fillers are present; that if the processing aid 
is sorbitan monooleate. then at least one of the polyox- 
yethylene derivatives or additional fillers is also present 
and. that the minimal amount for each processing aid 
and additional filler, if present, is about one part by 
weight. A process for the preparation of silica filled vul- 
canizable elastomers is provided as well as pneumatic 
tires employing tread stock comprising the novel vulcan- 
izabte elastomers. 
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Description 
TECHNICAL FiELD 

5 The subject invention relates to the processing and vulcanization of diene polymer and copolymer elastomer-con- 
taining rubber stocks. More specifically, the present invention relates to the processing and vulcanization of diene pol- 
ymer and copolymer elastomer-containing, silica-filled rubber stocks using a fatty acid ester of hydrogenated and non- 
hydrogenated sugars as a processing aid. 

In another embodiment, the present invention relates to the processing and vulcanization of diene polymer and 

10 copolymer elastomer-containing, silica-filled rubber stocks containing additional mineral fillers. 

BACKGROUND OF THE INVENTION 

In the art it is desirable to produce elastomeric compounds exhibiting reduced hysteresis when properly com- 
15 pounded with other ingredients such as reinforcing agents, followed by vulcanization. Such elastomers, when com- 
pounded, fabricated and vulcanized into components for constructing articles such as tires, power belts, and the like, 
will manifest properties of increased rebound, decreased rolling resistance and less heat-build up when subjected to 
mechanical stress during normal use. 

The hysteresis of an elastomer refers to the difference between the energy applied to deform an article made from 
20 the elastomer and the energy released as the elastomer returns to its initial, undeformed state. In pneumatic tires, low- 
ered hysteresis properties are associated with reduced rolling resistance and heat build-up during operation of the tire. 
These properties, in turn, result in lower fuel consumption for vehicles using such tires. 

In such contexts, the property of lowered hysteresis of compounded, vulcanizable elastomer compositions is par- 
ticularly significant. Examples of such compounded elastomer systems are known to the art and are conprised of at 
25 least one elastomer (that is, a natural or synthetic polymer ^ibitlng elastomeric properties, such as a rubber), a rein- 
forcing filler agent (such as finely divided carbon black, thermal black, or mineral fillers such as clay and the like) and a 
vulcanizing system such as sulfur-containing vulcanizing (that is, curing) system. 

Previous attempts at preparing readily processable, vulcanizable, silica-filled rubber stocks containing natural rub- 
ber or diene polymer and copolymer elastomers have focused upon the sequence of adding ingredients during mixing 
30 {Bomah et al., Influence of Mixing procedures on the Properties of a Silica Reinforced Agricultural Tire Tread, May 
1992), the addition of de-agglomeration agents such as zinc methacrylate and zinc octoate, or SBR-silica coupling 
agents such as mercapto propyl trimethoxy silane (Hewitt, Processing Technology of Silica Reinforced SBR Elastomer- 
ics, pp 33-37, March 1981), and the use of bis[3-{triethoxysilyl)propyl]tetrasulfide (Si69) processing aid {Degussa, 
PPG). 

35 The use of Si69 processing aid in the formulation of silica-filled rubber stocks has been successful, but generally 
requires a large amount of the additive, such as 10% by weight based on the weight of silica, in order to be effective. 

Precipitated silica has been increasingly used as a reinforcing particulate filler in carbon black-filled rubber compo- 
nents of tires and mechanical goods. Silica-loaded rubber stocks, however, exhibit relatively poor processability. 

The present invention provides a fatty acid ester of hydrogenated and non-hydrogenated sugars for use as a 
40 processing aid for silica-filled rubber stocks, which greatly improves the processability and properties of the formula- 
tions and the resulting vulcanized product. In another embodiment, the present invention further provides additional 
mineral fillers for use in silica-filled elastomeric rubber stocks, improving tear strength and lowering hysteresis. 

SUMMARY OF THE INVENTION 

45 

It is therefore an object of the present invention to provide processing aids which improve the processability of for- 
mulations of diene polymer elastomers reinforced with silica-filler. 

It is another object of the present invention to provide mineral and non-mineral fillers which improve tiie processa- 
bility of formulations of diene polymer elastomers reinforced with silica-filler. 
50 It is another object of the present invention to provide formulations of diene polymer elastomers reinforced witii sil- 
ica-filler having improved processability with decreased levels silanes. 

It Is yet another object of the present invention to provide a process for improving the processability of formulations 
of diene polymer elastomers reinforced with silica-filler. 

It is another object of tiie present invention to provide a process for reducing the viscosity of silica-filled elastomeric 
55 vulcanizable compounds. 

It is still another object of the present invention to provide a process for decreasing the level of silanes in silica-filled 
elastomeric vulcanizable compounds. 

It is anotiier object of tiie present invention to provide vulcanizable silica-filled elastomeric compounds having 
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enhanced physical properties, including decreased hysteresis and increased tear strength. 

At least one or more of the foregoing objects, together with the advantages thereof over the existing art. which shall 
become apparent from the specification which follows, are accomplished by the invention as hereinafter described and 
claimed. 

5 The present invention provides a process for the preparation of a silica-filled, vulcanized elastohneric compound 

comprising mixing an elastomer with from about 5 to about 100 parts by weight of a reinforcing filler per 100 parts of 
elastomer, wherein the reinforcing fillers are selected from the group consisting of carbon black and silica filler; from 0 
to about 20 percent by weight of a silane, based upon the weight of the silica filler; a cure agent; from about 0 to about 
20 parts by weight of a processing aid selected from the group consisting of fatty add esters of hydrogenated and non- 

10 hydrogenated C5 and Ce sugars; from about 0 to about 20 parts by weight of a processing aid selected from the group 
consisting of poiyoxyethylene derivatives of fatty acid esters of hydrogenated and non -hydrogenated C5 and Ce sugars; 
from about 0 to about 40 parts by weight of an additional filler other than silica or carbon black, with the provisos that at 
least one of the processing aids or additional fillers are present that if the processing aid is sorbitan monooleate, then 
at least one of the poiyoxyethylene derivatives or additional fillers is also present and, that the minimal amount for each 

15 processing aid and additional filler, if present, is about one part by weight: and. effecting vulcanization. 

The present invention further provides a vulcanizable silica-filled compound comprising. 100 parts by weight of an 
elastomer; from about 5 to about 100 parts by weight of a reinforcing filler per 100 parts of elastomer, wherein the rein- 
forcing fillers are selected from the group consisting of carbon black and silica filler; from 0 to about 20 percent by 
weight of a silane, based upon the weight of the silica filler; a cure agent; from about 0 to about 20 parts by weight of a 

20 processing aid selected from the group consisting of fatty acid esters of hydrogenated and non-hydrogenated C5 and 
C5 sugars; from about 0 to about 20 parts by weight of a processing aid selected from the group consisting of poiyox- 
yethylene derivatives of fatty acid esters of hydrogenated and non-hydrogenated C5 and Ce sugars; from about 0 to 
about 40 parts by weight of an additional filler other than silica or carbon black, with the provisos that at least one of the 
processing aids or additional fillers are present; that if the processing aid is sorbitan monooleate, then at least one of 

25 the poiyoxyethylene derivatives or additional fillers is also present and, that the minimal amount for each processing aid 
and additional filler, if present, is ai30ut one part by weight. 

The present invention further provides a pneumatic tire employing tread stock manufactured from the vulcanizable 
silica-filled compound of tiie present invention. 

30 BRIEF DESCRIPTION OF THE DRAWING 

The drawing figure Is a graph of Beta, an inverse measure of filler association or crosslink density, as a function of 
mix energy. 

35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, the polymerized elastomer, e.g., polybutadiene. polylsoprene and the like, and 
copolymers thereof with monovinyl aromatics such as styrene, alpha methyl styrene and the like, or trienes such as 
myrcene, is compounded to form the rubber stock. Thus, the elastomers include diene homopolymers. A, and copoly- 

40 mers thereof with monovinyl aromatic polymers, B. Exemplary diene homopolymers are those prepared from diolefin 
monomers having from 4 to about 12 carbon atoms. Exemplary vinyl aromatic polymers are those prepared from mon- 
omers having from 8 to about 20 carbon atoms. Examples of conjugated diene monomers and the like useful in the 
present invention include 1 .3-butadiene. isoprene, 1,3-pentadiene. 2,3-dimethyl-l.3-butadieneand 1,3-hexadiene. and 
aromatic vinyl monomers include styrene. a-methylstyrene, p-methylstyrene, vinyltoluenes and vinylnaphthaienes. The 

45 conjugated diene monomer and aromatic vinyl monomer are normally used at ttie weight ratios of about 90:10 to about 
55:45, preferably about 80:20 to about 65:35. 

Preferred elastomers include diene homopolymers such as polybutadiene and polyisoprene and copolymers such 
as styrene butadiene rubber (SBR). Copolymers can comprise from about 99 to 55 percent by weight of diene units and 
from about 1 to about 45 percent by weight of monovinyl aromatic or triene units, totaling 100 percent The polymers 

50 and copolymers of the present invention may have 1 ,2-microstructure contents ranging from about 10 to about 80 per- 
cent, with the preferred polymers or copolymers having 1 ,2-microstructure contents of from about 25 to 65 percent, 
based upon the diene content. The molecular weight of the polymer tiiat is produced according to the present invention, 
is preferably such that a proton-quenched sample will exhibit a gum Mooney viscosity (ML4/212**F) of from about 2 to 
about 1 50. The copolymers are preferably random copolymers which result from simultaneous copolymerization of the 

55 monomers, as is known in the art. Also included are non-functionalized cisijolybutadiene, ethylene-propylene-diene 
monomer (EPDM), emulsion styrene butadiene rubber, and natural rubber. 

Initiators known in the art such as an organolithium initiator, preferably an alkyllithium initiator, can be employed to 
prepare the elastomer. More particularly, tiie initiators used in the present invention, include N-litiiio-hexamethylene- 
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imine, organofithium compounds such as n-butyllithium, tributyltin lithium, dialkylamlnolithium compounds such as 
dimethylaminollthium, diethylaminolithium, dipropylaminolithium, dibutylaminolithium and the like, dialkylaminoalkyi lith- 
ium compounds such as diethylaminopropyllithum and the like, and trialkyi stanyl lithium, wherein the alkyi group con- 
tains 1 to about 12 carbon atoms, preferably 1 to about 4 carbon atoms. 

5 Polymerization is usually conducted In a conventional solvent for anionic polymerizations such as the various cyclic 

and acyclic hexanes, heptanes, octanes, pentanes, their alkylated derivatives, and mixtures thereof, Other techniques 
for polymerization, such as semi-batch and continuous polymerization may be employed. In order to promote randomi- 
zation in copolymertzation and to increase vinyl content, a coordinator may optionally be added to the polymerization 
ingredients. Amounts range between 0 to 90 or more equivalents per equivalent of lithium. The amount depends upon 

10 the amount of vinyl desired, the level of styrene employed and the temperature of the polymerizations, as well as the 
nature of the specific polar coordinator employed. 

Compounds useful as coordinators are organic and Include those having an oxygen or nitrogen hetero-atom and a 
non-bonded pair of electrons. Examples include dialkyi ethers of mono and oligo alkylene glycols: "crown" ethers; ter- 
tiary amines such as tetramethylethylene diamine (TIVIEDA); THF; THF oligomers; linear and cyclic oligomeric oxolanyl 

75 alkanes, such as 2-2'-di(tetrahydrofuryl) propane, di-piperidyl ethane, hexamethylphosphoramide, N-N'-dimethylpiper- 
azine. diazabicyclooctane, diethyl ether, tributylamine and the like. Details of linear and cyclic oligomeric oxolanyl coor- 
dinators can be found in U.S. Pat No. 4,429,091. owned by the Assignee of record, the subject matter of which is 
incorporated herein by reference. 

Polymerization is usually begun by charging a blend of the monomer{s) and solvent to a suitable reaction vessel, 

20 followed by the addition of the coordinator and the initiator solution previously described. Altematively, the monomer 
and coordinator can be added to the initiator. The procedure is carried out under anhydrous, anaerobic conditions. The 
reactants are heated to a temperature of from about lO'^C to about 150**C and are agitated for about 0.1 to about 24 
hours. After polymerization is complete, the product is removed from the heat and terminated in one or more ways. To 
terminate the polymerization, a terminating agent, coupling agent or linking agent may be employed, ail of these agents 

25 being collectively referred to herein as "terminating agents". Certain of these agents may provide the resulting polymer 
with a multifunctionality. That is. the polymers of the present Invention, can carry at least one amine functional group as 
discussed hereinabove, and may also carry a second functional group selected and derived from the group consisting 
of terminating agents, coupling agents and linking agents. Generally, the amount of terminating agent that is employed 
ranges from about 0,3 and one mole per mole of initiator, with from about 0.5 to about 0.8 moles per mole of initiator 

30 being preferred. 

Examples of terminating agents according to the present invention include those commonly employed in the art, 
including hydrogen, water, steam, an alcohol such as isopropanol. 1,3-dimethyl-2-imidazolidinone (DMI), carbodiim- 
ides, N-methylpyrrolidine, cyclic amides, cyclic ureas, Isocyanates, Schiff bases, 4,4'-bis(diethylamino) benzophenone, 
and the like. Other useful terminating agents may include those of the structural formula (Ri)a ZX^,, wherein Z is tin or 

35 silicon. It is preferred that 2 is tin. Ri is an alkyI having from about 1 to about 20 carbon atoms; a cycloalkyi having from 
about 3 to about 20 carbon atoms; an aryl having from about 6 to about 20 carbon atoms; or, an araikyi having from 
about 7 to about 20 carbon atoms. For example, Ri may include methyl, ethyl, n-butyl, neophyl. phenyl, cyclohexyl or 
the like. X is a halogen, such as chlorine or bromine, or alkoxy (-ORi). "a" is from 0 to 3. and "b" is from about 1 to 4; 
where a + b = 4 . Examples of such terminating agents include tin tetrachloride, (Ri)3SnGI, (Ri)2SnCl2, RiSnCls. and 

40 RiSiCIa as well as tetraethoxysilane {Si(0Et)4) and methyltriphenoxysilane (MeSi(0Ph)3). 

When mineral fillers, in addition to silica, are to be used in the vulcanizabie compound, it is preferred that the poly- 
mer contain a silane functionality, such as residual terminal silylethoxy or methylsilylphenoxy groups obtained by the 
use of a tetraethoxysilane or methyltriphenoxysilane terminator, respectively 

The terminating agent is added to the reaction vessel, and the vessel is agitated for about 1 to about 1000 minutes. 

45 As a result, an elastomer Is produced having an even greater affinity for silica compounding materials, and hence, even 
further reduced hysteresis. Additional examples of ternrtinating agents include those found in U.S. Pat. No. 4,616,069 
which is herein incorporated by reference. It is to be understood that practice of the present invention is not limited 
solely to these terminators inasmuch as other compounds that are reactive with the polymer bound lithium moiety can 
be selected to provide a desired functional group. 

50 Quenching is usually conducted by stirring the polymer and quenching agent for about 0.05 to about 2 hours at 
temperatures of from about 30"* to 1 50° C to ensure complete reaction. Polymers terminated with a functional group as 
discussed hereinabove, are subsequently quenched with alcohol or other quenching agent as described hereinabove. 

Lastly, the solvent is removed from the polymer by conventional techniques such as drum drying, extruder drying, 
vacuum drying or the like, which may be combined with coagulation with water, alcohol or steam, thermal desolventiza- 

55 tion, or any other suitable method. If coagulation with water or steam is used; oven drying may be desirable. 

The elastomeric polymers can be utilized as 100 parts of the rubber in the treadstock compound or. they can be 
blended with any conventionally employed treadstock rubber which includes natural rubber, synthetic rubber and blends 
thereof. Such rubbers are well known to those skilled in the art and include synthetic polyisoprene rubber, styrene/buta- 
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diene rubber (SBR), including emulsion SBR's, polybutadiene. butyl rubber, neoprene, ethylene/propylene rubber, eth- 
yfene/propylene/diene rubber (EPDM). acrylonitrile/butadiene rubber (NBR), silicone rubber, the fluoroeiastomers, 
ethylene acrylic mbber, ethylene vinyl acetate copolymer (EVA), epichlorohydrin rubbers, chlorinated polyethylene rub- 
bers, chlorosulfonated polyethylene rubbers, hydrogenated nitrile rubber, tetrafluoroethylene/propylene rubber and the 

5 like. When the functional ized polymers are blended with conventional rubbers, the amounts can vary widely within a 
range comprising about 5 to about 99 percent by weight of the total rubber, with the conventional rubber or rubbers 
making up the balance of the total rubber (100 parts), it is to be appreciated that the minimum amount will depend pri- 
marily upon the degree of reduced hysteresis that is desired. 

According to the present invention, amorphous silica (silicon dioxide) is utilized as a filler for the diene polymer or 

10 copolymer elastomer-containing vulcanizable compound. Silicas are generally classed as wet-process, hydrated silicas 
because they are produced by a chemical reaction in water from which they are precipitated as ultraf ine, spherical par- 
ticles. 

These primary particles strongly associate into aggregates, which in turn combine less strongly into agglomerates. 
The surface area, as measured by the BET method gives the best measure of the reinforcing character of different sil- 

15 leas. For silicas of interest for the present invention, the surface area should be about 32 to about 400 m^/g, with the 
range of about ICQ to about 250 m^/g being preferred, and the range, of about 150 to about 220 m^/g being most pre- 
ferred. The pH of the silica filler is generally about 5.5 to about 7 or slightly over, preferably about 5.5 to about 6.8. 

Silica can be employed in the amount of about 1 part to about 100 parts by weight per 1 00 parts of polymer (phr), 
preferably in an amount from about 5 to about 80 phr. The useful upper range is limited by the high viscosity imparted 

20 by fillers of this type. Some of the commercially available silicas which may be used include: Hi-Sil® 215. Hi-Sil® 233. 
and Hi-Sil® 1 90, produced by PPG Industries. Also, a number of useful commercial grades of different silicas are avail- 
able from De Gussa Corporation, Rhone Poulenc, and J.M. Huber Corporation. 

Although the vulcanizable elastomeric compounds of the present invention are primarily silica-filled, the polymers 
can be optionally compounded with all forms of carbon black in amounts ranging from 0 to about 50 parts by weight, 

25 per 100 parts of rubber (phr), with about 5 to about 40 phr being prefen-ed. When carbon Is present, with silica, the 
amount of silica can be decreased to as low as about one phr, othenwise it too is present alone in at least 5 phr. As is 
known to those skilled in the art, elastomeric compounds as are discussed herein are typically filled to a volume fraction 
of about 25 percent which is the total volume of filler(s) added divided by the total volume of the elastomeric stock. 
Accordingly, while the minimum amounts expressed herein are operable, a useful range of reinforcing fillers Le., silica 

30 and carbon black, is about 30 to 100 phr. 

The carbon blacks may include any of the commonly available, commercially-produced carbon blacks but those 
having a surface area (EMSA) of at least 20 m^/gram and more preferably at least 35 m^/gram up to 200 m^/gram or 
higher are prefen-ed. Surface area values used In this application are those determined by ASTM test D-1765 using the 
cetyltrimethyl-ammonium bromide (CTAB) technique. Among the useful carbon blacks are furnace black, channel 

35 blacks and lamp blacks. More specifically, examples of the carbon blacks include super abrasion furnace (SAF) blacks, 
high abrasion furnace (HAF) blacks, fast extrusion furnace (FEF) blacks, fine furnace (FF) blacks, intemiediate super 
abrasion furnace (ISAF) blacks, semi-reinforcing furnace (SRF) blacks, medium processing channel blacks, hard 
processing channel blacks and conducting channel blacks. Other carbon blacks which may be utilized include acetylene 
blacks. Mixtures of two or more of the above blacks can be used in preparing the carbon black products of the invention. 

40 Typical values for surfece areas of usable carbon blacks are summarized in TABLE I hereinbelow. 
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ASTM Designation 
(D-1765-»2a) 

N-110 

N*220 

N-339 

N-330 

N-351 



Table I 
Carbon Blacks 



Surface Area (m^/g) 
(l>3765) 

126 

111 

95 

83 

74 



N-550 42 
N-660 35 



25 The carbon blacks utilized in the preparation of the rubber compounds of the invention may be in pelletized form or 
an unpelletized flocculent mass. Preferably, for more uniform mixing, unpelletized carbon black is preferred. 

Recognizing that carbon black may be used as an additional reinforcing filler with silica, the total amount of rein- 
forcing filler(s) in the vulcanizable elastomeric compounds of the present invention ranges between about 30 to 100 phr, 
ail of which can comprise silica or, mixtures with carbon black within the Ibregoing ranges. It is to be appreciated that 

30 as the amount of silica decreases, lower amounts of the processing aids of the present invention plus silane, if any. can 
be employed. 

When silica is employed as a reinforcing filler, it is customary to add a silane e.g.. bis[3-(triethoxysi!yl)propyl]tet- 
rasulfide, to obtain good physical properties in a cured rubber stock containing silica as a filler, in general, the present 
invention provides a means to reduce or eliminate the level of silane. This material Is commonly added to silica filled 

35 rubber formulations and will be refen-ed to throughout this specification by its industry recognized designation. Si69, or 
simply as a silane. In addition, the present invention further provides maintenance of the processability of the com- 
pounded stock, as measured by Mooney viscosity, at the same level as achieved with high levels of silane. This replace- 
ment of the silane results in reduced cost and provides a material that is stable for storage and is easily added to rubber 
compounds. In addition, the use of vulcanizable elastomeric compounds according to the present invention provides 

40 the same or better physical properties upon curing. Generally, the amount of silane that is added ranges between about 
4 and 20 percent by weight, based upon the weight of silica filler present in the elastomeric compound. By practice of 
the present invention, it is possible to reduce the amount of silane down to about 5 percent, more preferably, 3 to 1 per- 
cent and most preferably, to eliminate its presence totally Le., 0 percent. It may also be desirable to increase process- 
ability of the silica filled elastomer compounds without any decrease in silane content which can be accomplished by 

45 the addition of a processing aid or filler according to the present invention as is described hereinafter. 

The present invention utilizes the presence of one or more processing aids to replace the silane (Si69) to give equal 
processability of the vulcanizable compound, and better hot tear strength and lower hysteresis of the vulcanized rubber 
stock, without loss of the other measured physical properties. The processing aids are air stable and do not decom- 
pose. They are lower in cost and more storage stable than the silane, and when used with silica filled elastomers, give 

50 similar reduction of ML4. and tan 5 with an increase in tear strength. 

The processing aids useful according to the present invention include fatty acid esters of hydrogenated and non- 
hydrogenated C5 and Ge sugars e.g., sorbitose, mannitose and arabinose. These compounds have at least three 
hydroxyl groups and from one to 3.5 ester groups (sesqui esters). Also useful are the polyoxyethylene derivatives 
thereof. The esterified hydrogenated and non-hydrogenated sugars can be described generally by the following formula 

55 using sorbitol as the representative ester 
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CH2— O— C— R 
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H— OH 



HO 



10 



15 where R is derived from C-io to C22 saturated and unsaturated fatty acids, for example, stearic, lauric, palmitic, oleic and 
the like. 

Representative examples include the sorbitan oleates, including monooleate, dioleate, trioleate and sesquioleate, 
as well as sorbitan esters of laurate, palmate and stearate fatty acids, and polyoxyethylene derivatives thereof, and 
other polyols and, more particularly, glycols, such as polyhydroxy compounds, and the like. Of these, sorbitan oleates 

20 are prelferred. with sorbitan monooleate being most preferred. In similar fashion, other esters can be formed with man- 
nitose and arabinose. Generally, the amount of this processing aid that is employed ranges from 0 to about 20 parts by 
weight, phr, with from about one to about 10 phr being prefened. These processing aids are commercially available 
from ICI Specialty Chemicals under the tradename SPAN, which is a registered trademark of ICI. Several useful prod- 
ucts include SPAN 60 (sorbitan stearate); SPAN 80 (sorbitan oleate) and SPAN 85 (sorbitan tri-oleate). Other commer- 

25 dally available sorbltans can be used for example, the sorbitan monooleates known as Alkamuls SMO; Capmui O; 
Glycomul O; Arlacel 80; Emsorb 2500 and. S-Maz 80. Similar products of other esters are likewise available. 

The polyoxyethylene derivatives of the foregoing processing aids according to the present invention also include 
fatty acid esters of hydrogenated and non-hydrogenated C5 and Cs sugars e,g., sorbitose, mannitose and arabinose, 
and have at least three hydroxyl groups and from one to 3.5 ester groups (sesqui esters). The polyoxyethylene derived 

30 esterified hydrogenated and non-hydrogenated sugars can be described generally by the following formula again, using 
sorbitol as the representative ester 



where R is derived from C-io to C22 saturated and unsaturated fatty acids, for example, stearic, lauric, palmitic, oleic and 
the like and the sum ofw + x + y + z equals 20 . 

The polyoxethytene derivatives of these processing aids, sometimes refen^ed to as poiysorbates and polyoxyetfiyl- 

50 ene sorbitan esters, are analogous to the fatty acid esters of hydrogenated and non-hydrogenated sugars noted above 
(sorbitans) except that ethylene oxide units are placed on each of the hydroxyl groups. Representative examples of the 
poiysorbates include POE (20) sorbitan monooleate; PolysortDate 80; Tween 80; Emsorb 6900; Liposorb O-20; T-Maz 
80 and the like. TTie TWEENS are commercially available from ICI Specialty Chemicals, the tradename TWEEN being 
a registered trademark of ICI. Several useful products include TWEEN 60 [POE (20) sorbitan stearate]; TWEEN 80 

55 [POE (20) sorbitan oleate]; TWEEN 85 [POE (20) sorbitan tri-oleate]; POE (20) sortsitan sesquioleate; POE (20) sorb- 
itan laurate; POE (20) sorbitan palmate as well as TWEEN 20, TWEEN 21 , TWEEN 60K, TWEEN 65, TWEEN 65K and 
TWEEN 81. Generally, the amount of this processing aid that is employed ranges from 0 to about 20 parts by weight, 
phr, with from about one to about 10 phr being preferred. 
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Finally, certain additional fillers can be utilized according to the present invention as processing aids which include, 
but are not limited to, mineral fillers, such as clay (hydrous aluminum silicate), talc (hydrous magnesium silicate), and 
mica as well as non-mineral fillers such as urea and sodium sultete. Preferred micas contain principally alumina, silica 
and potash, although other variants are also useful, as set forth below. The additional fillers are also optional and can 
5 be utilized in the amount of from 0 parts to about 40 parts per 100 parts of polymer (phr), preferably in an amount from 
about 1 to about 20 phr. 

The selection of processing aid(s) and relative amounts for practice of the present invention includes the use of any 
one of the foregoing materials, as well as mixtures thereof, as noted hereinabeve. Accordingly, various ennbodiments 
are possible as follows. 

10 

a) The use of fatty acid esters of hydrogenated and non-hydrogenated sugars alone, in amounts of up to 20 phr. 
These esters include ail of the esterif led sugars, but not sorbitan monooleate. 

b) The use of polyoxyethylene derivatives of the fatty acid esters of hydrogenated and non-hydrogenated sugars 
alone, in amounts of up to 20 phr. 

IS c) The use of a mineral or non-mineral filler alone or mixtures thereof, in amounts of up to 40 phr. It is to be under- 
stood that reference to these mineral and non-nninerai fillers does not include the reinfordng fillers disclosed herein 
- carbon black and silica. 

d) Mixtures of fatly add esters of hydrogenated and non-hydrogenated sugars with the polyoxyethylene derivatives 
thereof, in an amount of up to 20 total phr^ with a minimum of at least about one phr of either processing aid. When 

20 such mixtures are utilized, sorbitan monooleate can be employed. 

e) Mixtures of fatty acid esters of hydrogenated and non-hydrogenated sugars with a mineral or non-mineral filler, 
as above, in an amount of up to 30 total phr, with a minimum of at least about one phr of the processing aid. When 
such mixtures are utilized, sorbitan monooleate can be employed. 

f) Mixtures of polyoxyethylene derivatives of the fatty acid esters of hydrogenated and non-hydrogenated sugars 
25 with a mineral or non-mineral filler, as above, in an amount of up to 30 total phr, with a minimum of at least about 

one phr of the processing aid. When such mixtures are utilized, sorbitan monooleate can be employed. 

g) Mixtures of fatty add esters of hydrogenated and non-hydrogenated sugars with the polyoxyethylene derivatives 
thereof and with a mineral or non-mineral filler, as above, in an amount of up to 30 total phr, with a minimum of at 
least about one phr of either processing aid. When such mixtures are utilized, sorbitan monooleate can be 

30 employed. 

While practice of the present invention includes the addition of at least one type of processing aid or an additional 
filler or combinations thereof, to be effective, preferably at least one part by weight of each type that is selected should 
be employed. Where only a processing aid or mixtures thereof are added, the upper limit is about 20 phr as contrasted 

35 with the use of an additional filler at an upper limit of about 40 phr. When a processing aid(s) is present with an addi- 
tional filler, the upper limit total of these additives is about 30 phr. Irrespective of the upper limit amounts stated herein, 
it is to be appreciated that the combined total filler, that is. reinforcing fillers (silica and carbon blad^ plus additional fill- 
ers (other than silica and carbon black) will generally not exceed about 25 percent volume fraction. Accordingly, for an 
elastomeric stock containing additional fillers at the upper range of about 40 phr, the amount of reinfordng fillers will be 

40 lower than where additional fillers have not been added. Unexpectedly, we have found herein that physical properties 
do not fall off where addtitional filler or fillers are added and the amount of reinforcing fillers are lowered. 

The reinforced rubber compounds can be cured in a conventional manner with known vulcanizing agents at about 
0.2 to about 5 phr. For example, sulfur or peroxide-based curing systems may be employed. For a general disclosure 
of suitable vulcanizing agents one can refer to Kirk-Othmer. Encyclopedia of Chemical Technology. 3rd ed., Wiley Inter- 

45 science, N.Y 1982, Vol. 20, pp. 365-468, particularly "Vulcanization Agents and Auxiliary Materials" pp. 390-402. vul- 
canizing agents can be used alone or in combination. 

Vulcanizable elastomeric compositions of the invention can be prepared by compounding or mixing the elastomeric 
polymer with silica, optionally carbon black, as noted above, and one or more of the processing aids and optionally addi- 
tional f iiler(s) according to the present invention, as well as other conventional rubber additives including for example, 

50 plastidzers, antioxidants, curing agents and the like, using standard rubber mixing equipment and procedures. 

GENERAL EXPERIMENTAL 

The present invention was demonstrated by comparing tread formulations as shown in TABLE II in which 3 parts 
55 per hundred rubber (phr) Si89 (control, C-C) were replaced with 7.5 phr of either an aromatic, oil (C-A) or naphthenic 
oil (C-B). This replacement was further compared to a stock prepared according to th present invention with 3 phr of 
sorbitan monooleate and 4.5 phr aromatic oil (Sample 1). 
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Table II 

Rubber Formulations to Evaluate Silica Modif'cation 
and Physical Properties Obteined 



Materials Amount (paxis per hundred rubber) 



Sample 


OA 


C-B 


C-C 


1 


SBR 


75 


75 


75 


75 


Natural Rubber 


25 


25 


25 


25 


Silica 


30 


30 






Carbon Black 


35 


35 


35 


35 


Wax 


1 


1 


1 


1 


Stearic Acid 


1.5 


1.5 


13 


1.5 


21nc Oxide 


3 


3 


3 


3 


\cc^\ ^rato rs 


2 


2 


2 


2 


Antioxidant 


0.95 


0.95 


0.95 


0.95 


Retarder 


0.25 


0,25 


0.25 


0,25 




Varied Materials 






Si69 Processing Aid 


0 


0 


3 


0 


Sulfur 


2.7 


2.7 


1,7 


2-7 


Aromatic Oil 


7.5 


0 


0 


4.5 


Naphthenic Oil 


15 


22.5 


15 


15 


Sorbitan Oleate 


0 


0 


0 
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Table II Continued 
Physical Properties Obtained 



Sample 


OA 


C-B 


C-C 


1 


MI4 ® 130"C 


72 


74 


59 


59 


M50 @ 250c (psi) 


271 


295 


236 


241 


M300 @ 25''C (psi) 


1750 


1990 


1970 


1670 


Tensile ® IS'C (psO 


2380 


2520 


2410 


2570 


% Elongation @ 25<'C 


383 


361 


349 


419 


M200 @ lOQoC (pa) 


817 


959 


921 


860 


Tensile @ 100«C (psi) 


1270 


1410 


1300 


1400 


% Elongation @ 100°C 


280 


266 


256 


290 


Tear Strength ® 


98 


95 


99 


120 


171 »C Ob/in) 










Tan 6 ® SO'C 


0.123 


0.105 


0.132 


0.105 



As can be seen in TABLE II. Sample 1 had better tear strength. The MLj @ 130**C of Sample 1 has been reduced 
to the level of the control, C-C. and the 50**C tan 6 is lower than the Samples C-C or C-A and similar to that of Sample 

C-B. 

A Mooney viscosity reduction of the vulcanizable compound by the sorbitan monooleate (Sor, Oleate) in a high sil- 
ica containing formulation was also demonstrated with the addition of other ML4 reducing co-agents, summarized in 
TABLE 111 hereinbelow. 
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Table III 

Rubber Formulations to Evaluate Mooney Rediiction 
and Test Results Thereof 



Material Amount (parts per hundred rubber) 

SBR 75 

PBD 25 

Silica 80 

Carbon Black 8 

Modifier Variable (see below) 

Stearic Acid 1 

Naphthenic Oil 41.25 

Wax IS 

Resins 

Stabilizers 1-17 

Zinc Oxide l-^ 

Curatives 2.4 

Sulfur 2 



Cured at 171 ''C for 20 minutes 
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Table Hi CoNTiNua) 
Modifier Added (in phi) and Ml^/^M'C 



Sample 


Si69 (phr) 


Modifier 1 


phr 


Modifier 2 


phr 


ML4/10( 


C-D 


0 


None 


0 


None 


0 


161 


C-E 


8 


None 


0 


None 


0 


84 


2 


0.8 


Sor. Oleate 


4 


None 


0 


129 


3 


0.8 


Sor. Oleate 


8 


None 


0 


104 


C-F 


0.8 


PEC 


4 


None 


0 


148 


C-G 


0.8 


PEG 


8 


None 


0 


124 


C-H 


0.8 


Sorbitol 


4 


None 


0 


146 


C-l 


0.8 


Sorbitol 


8 


None 


0 


136 


4 


0 


Sor. Oleate 


4 


OTES 


3 


73 


5 


0 


Sor. Oleate 


4 


OTES 


2 


79 


6 


0 


Sor. Oleate 


4 


OTES/Talc 


3/2 


72 


7 


0 


Sor. Oleate 


4 


OTES/Urea 


3/2 


70 


C-l 


0.8 


None 


0 


Mica 


IS 


122 


8 


0.8 


Sor. Oleate 


4 


Mica 


15 


93 


9 


0.8 


Sor. Oleate 


8 


Mica 


15 


77 



OTES = Octyltriethoxysilane 



As is demonstrated in TABLE lit, the sorbitan oleate processing aid was more effective in reducing ML4 at lOC^C 
than PEG or sorbitol (Samples C-F to C-l). The addition of a small amount of another silane such as Si69 or OTES gave 
an even greater ML4 reduction (Samples 2-5). Co-agents like urea, talc and mica also had a large effect on ML4 reduc- 
tion, especially when used with the sorbitan oleate (Samples 6-9). In fact, there is an effect on ML4 reduction even when 
a low level of silane is used along with the sorbitan oleate and mica (compare Samples 8-9 with Sample C-J). These 
results clearly demonstrate the advantage of using a processing aid such as sorbitan oleate to reduce ML4 in silica filled 
rubber stocks. 

We have therefore found that mineral fillers inhibit re-agglomeration of the silica in silica-filled vulcanizable elas- 
tomer formulations and maintain the dispersion of the silica, thereby reducing the mixing required and aiding in the 
processability of the compound through a diminished Mooney viscosity. This is demonstrated by the compounding of 
the following fbnnulation to screen silica filled, vulcanizabie elastomeric compound properties described below in 
TABLE IV. 
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Table IV 
Screening Formufation 

5 



Material 


Silica 


Carbon Black 


■ wiyiTicr 




ion 




40 




v^roon Diacx 


o 
O 




Si-69 


1 




Oicyclohexylamine 


1 


1 


Antioxidant 


1 


1 


Stearic Acid 


2 


2 


Sulfur 


1.4 


1.4 


Accelerators 


2.4 


2.4 


Zinc Oxide 


3 


3 


Totals 


159.8 


155.8 



In this basic formulation, without oil, five parts (by weight) of the silica were replaced with five parts of either mica, 
talc, or clay and compounded with a rubber specifically terminated to interact with filler through residual terminal meth- 
ylsilylphenoxy groups. The rubber had been terminated with methyltriphenoxysilane (MeSi(OPh)3). Both a silica and 
carbon black filled stock were used as controls in these examples, as set forth in TABLE V. 

Table V 

Partial Silica Replacement with Mineral tiU^ 



Sample 


C-K 


10 


11 


12 


C-L 


Additive 




Talc 


Mica 


Clay 


Carbon 
Black 


Silica 


40 


35 


35 


35 




Carbon Blacic 


8 


8 


8 


8 


45 


Talc 




5 








Mica 






5 






Clay 








5 





55 The properties of the compounds and the cured stocks are presented in TABLE VI. The uncured compound ML1+4 
at 100°C of the stocks containing talc and mica were significantly lower than the all silica control. Moreover, the mini- 
mum torques (ML) by Monsanto Rheometer were also lower, indicative of a more processable stock. The hardness and 
MH of the talc and mica stocks indicated a slightly lower state of cure, although only slight differences were shown in 
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the tensile properties. 

Table VI 
Physical Test Results 
initial Partial Silica Replacement with Mineral Fillers 



Sample OK 10 11 12 OL 



Cpd ML, +4 lOO^'C 


107.8 


96.7 


97.5 


102.7 


88.1 


Monsanto Rheometer 












ML 


9S5 


8.06 


8.40 


8.78 


6.53 


TSj 


3*37" 


3'42" 


3'46" 


339" 


132" 


TC,o 


1239" 


10'24" 


1031" 


10'42" 


3'17" 


MH 


43.39 


41.27 


41.47 


42.38 


34.60 


Shore A 


69 


65 


66 


67 


67 


Pendulum Rebound 
6S'C 


69.8 


71.2 


71.8 


71.2 


63.6 




Ring Tensile 24 »C 






100% Mod. 


598 


589 


550 


558 


569 




2177 


2186 


2090 


1885 


2636 


MaY strain f%l 


298 


309 


302 


289 


311 




Ring Tensile lOO^C 






100% Mod. 


473 


471 


443 


494 


370 


Max. Stress (psO 


1002 


933 


918 


948 


1712 


Max. Strain (%) 


190 


184 


188 


182 


272 


Ring Tear 171 °C lb/in 

65 °C 


82 


68 


65 


62 


95 


Tan 6 (@ 7% 
Elongation) 

C, MPa 


0.070 
3.131 


0.063 
3.004 


0.064 
3.041 


0.074 
3.163 


0.121 
2.752 


AG', MPa 


0.586 


0.549 


0.534 


0.655 


0.811 


Wet Skid 


45 


47 


44 


43 


. 37 



Further testing of silica-filled vulcanizable elaslomeric compounds was conducted to determine the effect of addi- 
tional mineral fillers and the use of sorbitan oleate as a processing aid in the stock formulations. These examples are 
described in TABLES VII, VIII, X and XII. and results of the tests reported in TABLES IX, XI. XIII and XIV. 

Compound properties displayed in TABLE IX indicated a lower raw compound ML at 1 00^*0 with lower T80, and 
lower mininrtum torque, ML indicative of an easier processing stock. Tensile properties of th cured stocks wer not 
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adversely affected by the mica or talc at these levels and neither was the hardness or state of cure. Further, hot ring 
tear was improved compared to the control. Rebound and Tan 5 were indicative of lower rolling resistance stocks. 

Table Vll 



Basic Formulation (C-M; 




Parts 


f DO 


90,75 


tSK 


25 


Dilica 


80 


fVIICa 


Variable 


Talc 


Vdriaijic: 


Sorbitan Monooleate 


Variable 


Si69, Neat 


vciriciKjic 




8 


Oil 


25 .5 


Cf^ari/* A/*frl 


1 


wax Dienci 


1,5 




3 


riiiai lYiiAHig iT**n.^i ««■ 


Parts 


Masterbatch 


(as above) 


Processing Aid 


0,95 


Antiozonant 


0.22 


Zinc Oxide 


1.7 


Resin 


2.5 


Accelerators 


2.4 


Sulfur 


Variable 
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Table VIII 

Partial Silica Replacement with Ta^c o** Mira 



Sample 


C-M 


13 


14 


15 


16 


17 


Silica (phr) 


80 


78.5 


76.4 


72.7 


76.6 


73.3 


Talc (phr) 


0 


2 


5 


10 


0 


0 


Mica (phr) 


0 


0 


0 


0 


5 


10 


Accelerator (phr) 


2.4 


2.4 


2-4 


2,4 


2.4 


2.4 


Sulfur (phr) 


1.6 


1.6 


1.6 


1.6 


1.6 


1.6 


Si69 (phr) 


8 


8 


8 


8 


8 


8 
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TABLE X lists variations in order to maintain a constant volume fraction filler in the basic formulation, provided in 
55 TABLE VII. Among these variations were included two types of mica to replace some silica and replacement of Si69 
with sorbitan monooleate and silica with a non reinforcing carbon black, N880. The mica utilized contained 16% Mg and 
is considered to be the mineral biotite, whereas C-3000 (available from KMG Minerals Inc. Kings Mountain. North Caro- 
lina) is muscovite and contains very tittle magnesium. Properties for these formulations are displayed in TABLE XI. 
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A least squares estimate of the MLi^.4 at 100°C and 0.8 parts Si69 was 137 in the all silica formulation. Addition of 
up to 1 5 parts mica caused a significant decrease in the observed value which was enhanced by the addition of sorbitan 
monooleate. There was an unexpected synergism of these additives on reduction of. MLi^4, tSO, and ML MH. tensile, 
and hardness, all indicative of a lower state of cure, were reduced by the sorbitan monooleate. These effects were also 
5 reflected in the tensile retraction data as well. 

Adjustment of curatives compensated for the lower cure rate. Even at the lower state of cure, these stocks had 
lower Tan S values indicative of lower rolling resistance and increased fuel efficiency. This was further enhanced with a 
tighter cure. 
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TABLE XII describes additional variations in formulation as well as including other types of mica. The particular 
mica was unimportant in the ML4 reduction which ranged from about 12 to 14 points at 15 parts mica per 100 rubber. 
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shown in TABLE XII!. Nor, were there significant effects of mica type on ML or Tgo reductions. The mica stocks showed 
higher rebound and reduced tan 5 values at comparable states of cure as judged from tensile properties. Hardness val- 
ues indicated a lower state of cure for the mica stocks however, a change of filler type may not allow direct comparison 
of hardness to judge state of cure. 
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TABLE XIV lists the results of controlled mix studies into which a known energy Input was applied to a mix after the 
Si69 was added in the presence of mica, talc, and/or sorbitan monooleate. It has been established that an inverse 
measure of f Diet association or crosslink density, as determined by tensile retraction, can be increased by more mixing 
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energy. This effect can be calculated from the slope of 33.99 g/mol mix energy, and intercept. 1349 g/mol, (see drawing 
figure) and applied to the mix energy supplied to the samples. 

The data in TABLE XIV have been sorted by increasing Si69, Mica, and Talc in that order. The Ap value, the 
increase in p over that expected, increased with Si69 and the Mica and Talc level and have thusly been grouped. The 
5 two exceptions were the combination of Mica (1 5 parts) with sorbitan monooleate (8 parts) and the sorbitan monooleate 
alone (8 parts) which showed much higher p than expected from mix energy calculations alone. 
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It is therefore unexpected that mica and talc should decrease the filler interaction and increase p as their levels 
were increased. Further, sorbitan moncoleate, alone and in concert with mica, acted to increase the observed p and 
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thus reduce filler interaction. 

Further testing of silica-filled vulcanizable elastomeric compounds was conducted to determine the effect of min- 
eral fillers and the use of potyoxyethylene derivatives of fatty acid esters of hydrogenated and non-hydrogenated sugars 
as processing aids in the stock formulations. These examples are described in TABLE XV with the results of the tests 

5 conducted to evaluate and compare physical properties. As a Control, Sample C-C was prepared as above, without any 
fatty acid ester additives. The ethoxylated species (Tweens) are presented as Samples 30, 32, 33 and 37 and are com- 
pared against analogous sorbitans (Spans, non-ethoxylated), Samples 31 , 34, 35 and 36. The Samples contained car- 
bon black 35 phr. 30 phr of silica and 3 parts by weight of Si69 (10 percent per weight of silica) and were prepared with 
the formulation as set forth in Table II. Sample C-C, to which the processings aids of Table XV were added. The 

10 processing aids included Spans (fatty acid esters) and Tweens (polyoxyethylene fatty add esters). 
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As is apparent from the physical properties reported in Table XV, the ethoxylated sorbitans (Tweens) provided 



mproved properties over the Control and generally performed as well as the sorbitans (Spans). All aids were ^Irly well 
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equivalent, showing reduced Mooney viscosity and torque while desired physical properties remained. Unexpectedly, 
the need for adjacent hydroxyls in the sorbitan molecule, as taught by Canadian Pat. No. 2,184,932 to Semerit, was 
found to be unfounded as the use tri-oleates, which contain only a single hydroxyl, were effective in producing process- 
ability as was equally true for the polysorbates which are polyethoxylated and thus, contain no adjacent hydroxyls. 

5 Thus, it should be evident that the process of the present invention is useful in improving the processability of for- 
mulations of diene polymer elastomers containing silica filler by reducing the viscosity of silica-filled elastomeric vulcan- 
izable compounds. It is further demonstrated that the present invention provides vulcanizable silica-filled elastomeric 
compounds having enhanced physical properties. Practice of the present inverition allows a reduction of silanes which 
are added to vulcanizable rubber compositions containing silica fillers. The reduction can be effected by the addition of 

10 the processing aids described herein, mineral and non-mineral fillers as well as combinations of more than one. 

It will be appreciated that the processing aids and additional fillers exemplified herein have been provided to dem- 
onstrate practice of the invention and are othenwise not to be construed as a limitation on practice of the present inven- 
tion. Moreover, the processing aids and mineral fillers disclosed herein have been provided for pulses of exemplification 
only. and thus, rt is to be appreciated that other materials can be substituted without falling outside of the scope of this 

IS invention. Those skilled in the art can readily determine suitable additives and the appropriate manner of formulating 
elastomeric compositions containing silica fillers. Furthermore, practice of the present invention is not limited to a spe- 
cific formulation of elastomers. 

Based upon the foregoing disclosure, it should now be apparent that the process and related components 
desaibed herein will carry out the objects set forth hereinabove. It is, therefore, to be understood that any variations 

20 evident fall within the scope of the claimed invention and thus, the selection of specific component elements can be 
determined without departing from the spirit of the invention herein disclosed and described. Thus, the scope of the 
invention shall include all modifications and variations that may fall within the scope of the attached claims. 

Clainns 

25 

1. A process for the preparation of a silica-filled, vulcanized elastomeric compound comprising: 

mixing an elastomer with 

30 from about 5 to about 100 parts by weight of a reinforcing filler per 100 parts of elastomer, wherein said 

reinforcing fillers are selected from the group consisting of carbon black and silica filler; 
a cure agent: 

from 0 to about 20 percent by weight of a silane, based upon the weight of said silica filler; 

from about 0 to about 20 parts by weight of a processing aid selected from the group consisting of fatty 
35 acid esters of hydrogenated and non-hydrogenated C5 and Ce sugars; 

from about 0 to about 40 parts by weight of a processing aid selected from the group consisting of polyox- 

yethylene derivatives of fatty acid esters of hydrogenated and non-hydrogenated C5 and Cq sugars; 

from about 0 to about 20 parts by weight of an additional filler other than silica or carbon black, with the 

provisos that at least one of said processing aids and said additional fillers are present; that if said 
40 processing aid is sorbitan monooleate. then at least one of said polyoxyethylene derivatives or said acWi- 

tional fillers is also present and. that the minimal amount for each said processing aid and said additional 

filler, if present, is about one part by weight; and effecting vulcanization. 

2. A process as set forth in claim 1 , wherein said elastomer is a diene monomer homopolymer or a copolymer of a 
45 diene monomer and a monomer selected from the group consisting of a monovlnyl aromatic monomer and a triene 

monomer. 

3. A process as set forth in claim 1 , wherein said elastomer is a copolymer of at least one diene and at least one 
monovinyl aromatic monomer. 

50 

4. A process as set forth In claim 1 , wherein said elastomer is styrene butadiene rubber. 

5. A process as set forth in claim 1 , comprising the additional step of adding a natural rubber. 

55 6. A process as set forth in daim 1 . wherein said silica filler has a surface area of about 32 to about 400 m^/g. 
7. A process as set forth in claim 1 . wherein said silica filler has a pH of about 5.5 to atsout 7. 
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8. A process as set forth in claim 1 , wherein the amount of said carbon black reinforcing filler ranges from about 0 to 
about 50 parts by weight, per 1 00 parts by weight of elastomer, and the amount of said reinforcing silica filler ranges 
from about 1 to 100 parts, per 100 parts of elastomer, with the proviso that where carbon is 0, at least 30 phr of 
silica is employed. 

5 

9. A process as set forth in claim 1 , wherein said fatty acid esters of hydrogenated and non-hydrogenated C5 and Ce 
sugars are selected. from the group consisting of sorbitan monoaleate, sorbitan dioleate, sorbitan trioleate, sorbitan 
sesquioleate, sorbitan faurate. sorbitan palmate and sorbitan stearate. 

10 1 0. A process as set forth in claim 1 , wherein said polyoxyethylene derivatives of fatty acid esters of hydrogenated and 
non-hydrogenated C5 and Cq sugars are selected from the group consisting of POE (20) sorbitan stearate: POE 
(20) sorbitan oleate; POE (20) sorbitan tri-oleate; POE (20) sorbitan sesquioleate POE (20) sorbitan laurate and 
POE (20) sorbitan palmate. 

IS 11. A process as set forth in claim 1 , wherein said additionai filler is selected from the group consisting of mica, talc, 
urea, clay, sodium sulfate and mixtures thereof. 

12. A process as set forth in claim 1 , comprising a mixture of at least one fatty acid ester of hydrogenated and non- 
hydrogenated C5 and C6 sugars and at least one polyoxyethylene derivative of a fatty acid ester of hydrogenated 

20 and non-hydrogenated C5 and Ce sugars. 

13. A process as set forth in claim 1, comprising a mixture of at least one fatty acid ester of hydrogenated and non- 
hydrogenated OS and C6 sugars and at least one said additional filler. 

25 1 4. A process as set forth in claim 1 , comprising a mixture of at least one polyoxyethylene derivative of a fatty acid ester 
of hydrogenated and non-hydrogenated C5 and Cg sugars and at least one said additional filler. 

15. A process as set forth in claim 1, comprising a mixture of at least one fatty acid ester of hydrogenated and non- 
hydrogenated C5 and Ce sugars, at least one polyoxyethylene derivative of a fatty acid ester of hydrogenated and 

30 non-hydrogenated C5 and Cg sugars and at least one said additionai filler. 

16. A vulcanizable silica-filled compound comprising: 

100 parts by weight of an elastomer; 
35 from about 5 to about 100 parts by weight of a reinforcing filler per 100 parts of elastomer, wherein said rein- 

forcing fillers are selected from the group consisting of carbon black and silica filler; 
from 0 to about 20 percent by weight of a silane, based upon the weight of said silica filler; 
a cure agent; 

from about 0 to about 20 parts by weight of a processing aid selected from the group consisting of fatty acid 

40 esters of hydrogenated and non-hydrogenated C5 and Cg sugars; 

from about 0 to about 20 parts by weight of a processing aid selected from the group consisting of polyoxyeth- 
ylene derivatives of fatty acid esters of hydrogenated and non-hydrogenated C5 and Cg sugars; 
from about 0 to about 40 parts by weight of an additional filler other than silica or carbon blacK with the provi- 
sos that at least one of said processing aids said additional fillers are present; that if said processing aid is 

45 sorbitan monooleate. then at least one of said polyoxyethylene derivatives or said additional fillers is also 

present and. that the minimal amount for each said processing aid and said additional filler, if present, is about 
one part by weight. 

17. The vulcanizable silica-filled compound as set forth in claim 16. wherein the elastomer is a diene homopolymer. 

so 

18. The vulcanizable silica-filled compound as set forth in claim 16, wherein the elastomer is a copolymer of at least 
one diene and at least one monovinyl aromatic monomer. 

19. The vulcanizable silica-filled compound as set forth in claim 18, wherein the elastomer is styrene butadiene rubber. 

55 

20. The vulcanizable silica-filled compound as set forth in claim 16, further containing a natural rubber. 

21 . The vulcanizable silica-filled compound as set forth in claim 16; wherein the silica filler has a surface area of about 
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32 to about 400 m^/g. 

22. The vulcanizable silica-filled compound as set forth in claim 16. wherein the silica filler has a pH of about 5.5 to 
about 7. 

5 

23. The vulcanizable silica-filled compound as set forth in claim 16, wherein the amount of said carbon black reinforcing 
filler ranges from about 0 to about 50 parts by weight, per 100 parts by weight of elastomer, and the amount of said 
reinforcing silica filler ranges from; about 1 to 1 00 parts, per 1 00 parts of elastomer, with the proviso that where car- 
bon is 0. at least 30 phr of silica is employed. 

10 

24. The vulcanizable silica-filled compound as set forth in claim 16, wherein said fatty acid esters of hydrogenated and 
non-hydrogenated C5 and Ce sugars are selected from the group consisting of sorbitan monooleate, sorbitan 
dioleate. sorbitan trioleate, sorbitan sesquioleate sorbitan laurate. sorbitan palmate and sorbitan stearate. 

IS 25. The vulcanizable silica-filled compound as set forth in daim 16, wherein said polyoxyethylene derivatives of fatty 
acid esters of hydrogenated and non-hydrogenated C5 and Cg sugars are selected from the group consisting of 
POE (20) sortDitan stearate; POE (20) sorbitan oleate; FOE (20) sorbitan trioleate; POE (20) sorbitan sesquioleate; 
POE (20) sorbitan laurate and POE (20) soibitan palmate. 

20 26. TKe vulcanizable silica-filled compound as set forth in claim 16. wherein said additional filler is selected from the 
group consisting of mica, talc, urea, clay, sodium sulfate and mixtures thereof. 

27. The vulcanizable silica-filled compound as set forth in claim 16, comprising a mixture of at least one fatty acid ester 
of hydrogenated and non-hydrogenated C5 and 0$ sugars and at least one polyoxyethylene derivative of a fatty 

25 acid ester of hydrogenated and non-hydrogenated C5 and Cg sugars. 

28. The vulcanizable silica-filled compound as set forth in claim 1 6, comprising a mixture of at least one fatty acid ester 
of hydrogenated and non-hydrogenated C5 and Cg sugars and at least one said additional filler. 

30 29. The vulcanizable silica-filled compound as set forth in claim 1 6, comprising a mixture of at least one polyoxyethyl- 
ene derivative of a fatty add ester of hydrogenated and non-hydrogenated C5 and Qs sugars and at least one said 
additional filler. 

30. The vulcanizable silica-filled compound as set forth in claim 1 6, comprising a mixture of at least one fatty add ester 
35 of hydrogenated and non-hydrogenated C5 and Cg sugars, at least one polyoxyethylene derivative of a fatty acid 

ester of hydrogenated and non-hydrogenated C5 and Ce sugars and at least one said additional filler. 

31 . A pneumatic tire comprising tread stock vulcanized from the vulcanizable silica-filled compound of claim 16. 

40 
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